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SUMMARY 

/ A n  investigation has been conducted in various'wind tunnels at the 
Langley Research Center to determine the static longitudinal stability 
character i s t i c s of some Pro j ec t Mercury boo st er -c ap sule configurations i 
Data were obtained for models of the Little Joe, Redstone-Mercury, and 
Jupiter-Mercury configurations with the various capsule arrangements 
suitable to these particular vehicles over a Mach number range of 0.4 
to 6.8 and a maximum angle-of-attack range from approximately -14' to 18O. 
Brief comments on the significance of the model stability data with respect 
to proposed full-scale flight are presented. 

INTRODUCTION 

Numerous investigations of the suitability of a Project Mercury cap- 
sule as a part of the man-in-space program are being conducted by the 
National Aeronautics and Space Administration. 
to 3 . )  In this connection, the NASA will evaluate the operational con- 
cepts, and test some of the actual hardware of this project through the 
use of various fW1-scale booster-capsule configurations launched into 
suborbital trajectories. 
stages, that j s ,  simulation of increasingly larger  portions of the final 
exit and reentry trajectories Wril.1 be attempted as the program advances. 
Accordingly, tests were conducted in various wind tunnels to determine 
the static aerodynamic cmacteristics of various possible launch con- 
figurations. 
the Little Joe, Redstone-Mercury, and Jupiter-Mercury vehicles. 

(See, for example, refs. 1 

These flights w i l l  be conducted in several 

I 

The three configurations reported herein are identified as 

Title, Unclassified. * 
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Evaluation of the  s t a b i l i t y  r e su l t s  requires a knowledge of cer ta in  
operational features  of the various vehicles. For example, the  L i t t l e  
Joe configuration incorporates large f i n s  mounted on a canis te r  
enclosing a solid-propellant rocket c lus t e r  and r e l i e s  e n t i r e l y  on 
aerodynamic forces f o r  s t ab i l i t y .  Both of the other  two vehicles 
employ l i qu id  propellants and e i t h e r  augment s t a b i l i t y  with j e t  vanes 
(Redstone-Mercury) or r e l y  exclusively on gimbaled rockets f o r  s t ab i l -  
i t y  (Jupiter-Mercury). 

Data f o r  the present tests were obtained over a hbch number range 
of 0.4 t o  6.8 i n  the Langley 8-foot transonic pressure tunnel, the 
Langley Unitary Plan wind tunnel (4-foot tes t  sect ion) ,  and the Langley 
11-inch hypersonic tunnel. 
investigation was from approximately - 1 4 O  t o  18O. 
the  s t a b i l i t y  r e su l t s  of the  various configurations in  view of the f u l l -  
scale requirements i s  b r i e f l y  discussed. 

The maximum angle-of-attack range of the 
The significance of 

SYMBOLS 

The basic data a r e  presented as force and moment coeff ic ients  
referred t o  the body-axes system shown i n  f igure 1. 

A 

C A 

‘A, b 

Cm 

nd‘ maximum cross-sectional area of booster body, - , sq ft  

Total ax ia l  force 
axial-force coeff ic ient ,  - ‘A,b SA 

Fhse axial  force base axial-force coeff ic ient ,  
SA 

pitching-moment coeff ic ient ,  Pitching moment 
qAd 

%ll pitching-moment curve slope, -, per deg aa 
Normal force , Per deg SA 

normal-force coeff ic ient ,  

acN normal-force curve slope, -, per deg aa 
maximum diameter of booster body, in. 
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M free-stream Mach number 

free-stream stagnation pressure, lb/sq f t  P t  

q 

R Reynolds number based on d 

free-stream dynamic pressure, lb/sq f t  

I 
I 0 
I free-stream stagnation temperatu-6, F T t  

x,y,z orthogonal set of body axes 

X longitudinal distance forward of booster base measured along 
I body center l i ne ,  in. 
I 

x/d 

A(x/d) 

longitudinal distance forward of booster base i n  diameters 

e f fec t ive  s t a t i c  margin, distance i n  diameters that the center 
of grav i ty  i s  ahead of the center of pressure, 
(x/d)cg - (x/dIcp 

I U angle of a t t ack  referred t o  body center  l ine ,  deg 

P angle of s i d e s l i p  referred t o  body center  l i ne ,  deg 

Subscripts : 

cg center of gravity 

CP center of pressure 

APPARATUS AND DATA 

Wind Tunnels 

The inves t i  t i ons  were conducted i n  the  Iangley 8-foot transonic 
pressure tunnel r 8-foot “T) a t  Mach numbers from about 0.40 t o  1.20, 
i n  the Langley Unitary Plan wind tunnel (&foot UPWT) a t  Mach numbers 
from near 1.70 t o  4.65, and i n  the  Langley 11-inch hypersonic tunnel 
(11-inch HT) a t  Mach numbers near 6.8. 

The 8-foot TPT f a c i l i t y  i s  of the variable-pressure, continuous- 
flow type and has a s lo t t ed  t e s t  sect ion i n  which the Mach number can 
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Scale s i z e s  f o r  - 
Tunnel 

L i t t l e  Joe Redstone-Mercury Jupiter-Mercury 

8-foot TPT 0.0750 0.04645 ------- 
k-foot UW" ,0750 .04645 0.04645 
11-inch HT .o1875 ------- .01714 

1 A 

be varied continuously up t o  a Mach number of 1.20. 
data presented from t h i s  tunnel a r e  f r ee  of wall-reflected disturbances. 

Essentially,  a l l  

The supersonic tests were conducted i n  both the  low and high Mach 
number tes t  sections of the 4-foot UPWT, which i s  a variable-pressure, 
continuous-flow tunnel. The nozzles leading t o  the  tes t  sections a r e  
of the  asymmetric sliding-block type, which permit a continuous varia- 
t i on  i n  tes t - sec t ion  Mach number from approximately 1.5 t o  2.9 i n  the  
low Mach number t e s t  section and from about 2.3 t o  4.7 i n  the high Mach 
number tes t  section. The dewpoint was controlled i n  the 8-foot TPT and 
4-foot UPWT t o  maintain an airf low which i s  f r e e  of condensation shocks. 

The hypersonic t e s t s  were performed i n  the 11-inch HT. This f a c i l -  
i t y  i s  of the intermittent-operation type and u t i l i z e s  both a high- 
pressure tank and a vacuum tank. 
dimensional, single-step nozzle which w i l l  produce a nominal Mach number 
of 6.8 a t  varying stagnation pressures of 5 atmospheres t o  37 atmospheres. 
To avoid l iquefaction, a stagnation temperature of about 650° F i s  
maintained f o r  a l l  tests. 

The tunnel i s  equipped with a two- 

Models 

Details of the  fu l l - sca le  vehicles are given i n  f igure  2 and photo- 
graphs of the various wind-tunnel models a re  shown i n  f igure  3. A l l  of 
the  models were hollow, m e t a l  bodies of revolution. The scale  s i zes  
of the various models a re  given i n  the following table:  

Small differences exis ted between the  wind-tunnel models and f u l l -  
scale  vehicles, pa r t i cu la r ly  f o r  the  L i t t l e  Joe configuration. For 
t h i s  configuration the  8-foot TPT and 11-inch HT models had 8.3 inches 
( f u l l  sca le )  removed from the  base, as indicated by the  dashed l i n e  a t  
s t a t ion  521.1 i n  f igure 2(a).  The 8-foot W T  model had a Marman clamp 
simulated a t  the juncture of the capsule and booster ( f ig .  3(a))  and 
four  rocket f a i r ings  mounted on the  parachute canis ter .  The &foot 
UPWT model a l so  had the Marman clamp attached ( f ig .  3(a)) and i n  addi- 
t i o n  had two small simulated camera pods, spaced 180° apart ,  on the  
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4-foOt Wbl" 11-inch HT 

capsule and two probes mounted on the nose. 
tested with and without the escape rocket and tower attached (escape 
and e x i t  configurations). 

The L i t t l e  Joe models were 

kO.06 kO.015 
f O . 0 6  kO.014 

f0.047 f0.022 
fO. 020 $0. 010 
fo. 029 $0. 014 

The Redstone-Mercury model with the  escape tower was the  same f o r  
the 8-foot "I' and 4-foot UPWT tests and d i f fe red  from the fu l l - s i ze  
vehicle only i n  the addi t ion of four small s teer ing rocket f a i r ings  on 
the  capsule ( f ig .  3 (c) ) .  The Jupiter-Mercury models without the escape 
tower were t e s t ed  In %he 4-foot UPWT and 11-inch HT (f ig .  3 (d ) )  and 
were s i m i l a r  t o  the fu l l - sca le  vehicle ( f ig .  2 ( c ) )  except t h a t  t he  
11-inch HT modeltwas t e s t ed  without the s tub pylon fair ing.  

50.013 *0.008 
kO.018 fO.010 

fO.028 
+o. 003 

f O . 0 5  

+O. 017 
$0. 005 
fO. 039 

Tests 

All the  models were s t ing  supported; normal-force, axial-force, 
and pitching-moment charac te r i s t ics  were determined by means of an 
in t e rna l  e l e c t r i c a l  strain-gage balance. The conditions a t  which the 
tests were performed i n  the various f a c i l i t i e s  are l i s t e d  i n  tab le  I. 
The base pressures were obtained from a s ingle  s ta t ic-pressure o r i f i c e  
located near t he  bases of the models. 
a t  the higher k c h  numbers. 

Schlieren photographs were taken 

Corrections and Accuracy 

Angles of a t tack  have been corrected f o r  both tunnel flow angular i ty  
and def lect ion of strain-gage balance and s t ing  support due t o  aero- 
dynamic loads. Axial-force coef f ic ien ts  have been corrected t o  a con- 
d i t i on  of free-stream static pressure a t  the base of a l l  models. 

k s e d  upon ca l ibra t ion  and r epea tab i l i t y  of data it i s  estimated 
that the  various measured quant i t ies  are accurate within the following 
limits: 

a, deg . . . . . . .  . . . . . . . . .  
M = 0.6 M = 1.2 M = 1.81 M = 4.65 . . . . . . . .  f0 .W kO.070 +O.Os fO.018 I I M 

Li t t le  Joe: 

. . . . . . . .  

. . . . . . . .  
Redstone-Mercury: . . . . . . . .  

c, . . . . . . . .  
. . . . . . . .  

Jupiter-eercury: . . . . . . . .  
. . . . . . . .  
. . . . . . . .  

I f0.2 I kO.2 I *o. 1 
$0.01 

M = 6.8 
$0. 014 
+o. 004 
f0. 013 

+O. 022 
fO. 007 
+o. 012 
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PRESENTATION OF RESULTS 

The pitching-moment coeff ic ients  f o r  the various models a re  
referred t o  the moment-center locations shown i n  f igure 2. The center- 
of-pressure and center-of-gravity locations a re  a l l  referred t o  the 
bases of the models. For the L i t t l e  Joe models with the reduced length 
the center-of-pressure locations a r e  referred t o  the extended base 
u t i l i zed  on the 4-foot UPWT model ( ful l -scale  s ta t ion  529.4, f ig .  2 (a ) ) .  

The r e su l t s  a r e  presented i n  the following figures: 

Typical schlieren photographs . . . . . . . . . . . .  
Variation of base axial-force coeff ic ients  with Mach 

number . . . . . . . . . . . . . . . . . . . . . .  
Aerodynamic character is t ics  of: 

L i t t l e  Joe; escape . . . . . . . . . . . . . . . .  
L i t t l e  Joe; e x i t  . . . . . . . . . . . . . . . . .  
Redstone-Mercury . . . . . . . . . . . . . . . . .  
Jupiter-Mercury . . . . . . . . . . . . . . . . . .  

Summary of aerodynamic character is t ics :  
Longitudinal; a = 0' . . . . . . . . . . . . . . .  
Effective s t a t i c  margins; a zz 0' . . . . . . . . .  

Figure . . . .  4 

. . . .  5 

. . . .  6 . . . .  7 . . . .  8 . . . .  9 

. . . .  10 

. . . .  11 

SUMMARY OF RESULTS 

An investigation of the s t a t i c  longitudinal s t a b i l i t y  character- 
i s t i c s  of some Project Mercury booster-capsule configurations has been 
conducted over a Mach number range of 0.4 t o  6.8. The summary r e su l t s  
a r e  presented i n  f igures  10 and 11; a s  the values of C& f o r  the 
Redstone-Mercury and Jupiter-Mercury have no d i r ec t  significance, they 
a re  not shown i n  f igure 10. A comparison of the various vehicles 
( f ig .  10) indicates t h a t  l i f t  and drag were increased, a s  would be 
expected, with the addition of booster f i n s  and increases i n  f i n  area. 
In addition, the escape tower s l i gh t ly  decreased the 
the L i t t l e  Joe model from M = 1.0 t o  2.6; a t  higher speeds the e f f ec t  
was t o  increase C N ~ .  
t e s t s  are indicated by the e f fec t ive  s t a t i c  margins, 
f o r  each vehicle i n  f igure 11, where the center-of-gravity posit ions 
i l l u s t r a t e d  represent the worst f l i g h t  conditions anticipated; these 
r e su l t s  are discussed i n  the following paragraphs. 

C N ~  values of 

However, the most s ignif icant  r e su l t s  of the 

A(x/d), shown 

L i t t l e  Joe: This i s  the only vehicle of the present investiga- 
t i on  that r e l i e s  en t i r e ly  on aerodynamic forces f o r  s t a b i l i t y  over i t s  

CONFIDENTIAL 
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f l i g h t  envelope. The data indicate that  t h i s  vehicle i s  stable,  a s  
required, over the tes ted  speed range and even though the s t a b i l i t y  
decreases with increasing k c h  number, 
a t  the highest speed contemplated ( M  * 5.8). 

A(x/d) is a t  l e a s t  0.3 diameter 

Redstone-Mercury: The requirements of this test  were t o  determine 
the speed a t  which the system becomes neutral ly  stable;  as can be seen, 
t h i s  occurs a t  about 
(with the minimum addi t ional  weight possible) such that the system 
w i l l  be aerodynamically s tab le  t o  about 
fa i lure ;  with no malfunction, J e t  vanes provide the required s t a b i l i t y  
over the en t i r e  booster t ra jectory.  

M = 1.9. It is intended t o  ballast t h i s  vehicle 

M = 2.5 i n  the event of engine 

Jupiter-Mercury: The purpose of t h i s  test  was t o  determine the 
amount of aerodynamic i n s t a b i l i t y  present, since t h i s  system r e l i e s  
en t i r e ly  on thrus t  vectoring f o r  s t ab i l i t y .  
A(x/d) = -3  diameters a t  M zs 1.6 i s  believed t o  be within the servo 
limits of the exis t ing system (contained i n  unpublished Army Ba l l i s t i c  
Missile Agency data). 

A maximum value of 

Thus, the aerodynamic s t a b i l i t y  of each of the three vehicles 
appears t o  be within the capabi l i ty  of the respective operational 
systems. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., September 30, 1960. 
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C O N F I D r n I A L  

TABLE I.- TEST CONDITIONS 

(a) L i t t l e  Joe 

125 
125 
150 
150 

Fac i l i ty  

8- foot TPT 

b-foot u"I' 

11-inch HT 

1,006 
1,000 
1,001 
1,017 

M 

0.40 
-- 

.60 

.80 
-90 
-95 
-98 

1.. 00 
1.03 
1.. 20 

ai. 82 
b2.10 
2.81 
3- 51 
4.65 

6.85 

1.57 
2.10 
2.51 
2.87 

6.71 

0.60 
.80 
* 90 
* 95 
-98 

1.00 
1.03 
1.20 

-4 t o  14 
-3 t o  14 
-3 t o  14 
-4 t o  12 

-2 t o  13 

1.70 
2.10 
2.51 
2.87 

a, deg 

-6 t o  12 
-6 t o  12 
-6 t o  12 
-6 t o  12 
-6 t o  12 
-6 to 12 
-6 t o  12 
-6 t o  12 
-6 to 12 

-3 t o  14  
-3 to 14 
-9 t o  14  

-14 to 14 

-2 t o  12 

-14 t o  14 

(b) 1 
-10 t o  12 
-10 t o  12 
-10 t o  12 
-10 t o  12 
-10 t o  12 
-10 t o  12 
-10 t o  12 
-10 t o  12 

-4 t o  17 

-3 t o  18 
-4 t o  17 

-4 to 17 

P t ?  PSf 

2,120 
2,120 
2,120 
2, I20 
2,120 
2,120 
2, 120 
2,120 
2,120 

996 
1,285 
2,575 
5,375 

13, 830 

51,500 

ds tone-M 
1,880 
1,880 
1,880 
1,880 
1,880 
1,880 

1,880 
1,880 

2,455 
2,965 
3, 940 
5,325 

q, PSf 

210 
418 
623 
710 
750 
770 
783 
801 
881 

389 
434 
516 
599 
601 

475 

(c )  Jupiter-Mercury 

R 

1.15 X lo6 
1.57 
1.87 
1.97 
2.00 
2.03 
2.04 
2.04 
2.08 

.86 
-98 

1.29 
1.85 
2.59 

.40 

0.75 x 106 
90 

* 95 
-96 
* 97 
' 98 
98 

1.19 
1.23 
1.25 
1.40 

1.00 

)+-foot U" 

11-inch HT 

2,355 
2,965 
3; 940 
5, 265 

20,850 650 

1, Ooo 
1,001 
1,001 
1,006 

205 

1.79 x 106 
1.84 
1.88. 
2.07 

&Exit only. 
hscape only. 
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(a) Concluded . * 
Figure 3 . -  Continued . 
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(b) Concluded. 

Figure 3.- Continued. 
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(d ) Concluded . L59-2977.1 

Figure 3.- Concluded. 
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a=8.Oo 

E s c a p e  
a=8.Oo 

E x i t  
( c )  Little Joe; M = 6.8. 

Figure 4.- Continued. 
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(d)  Jupiter-Mercury; M = 6.7. 

Figure 4.- Concluded. 
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Figure 5.- Variation of base axial-force coeff ic ients  w i t h  Mach 
number. 
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(a) 8-foot TFT. 

Figure 6.- Aerodynamic character is t ics  of L i t t l e  Joe escape configura- 
t ion.  Moment reference center a t  s t a t ion  372.4. 
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Figure 6.- Continued. 
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(a) Concluded. 

Figure 6.- Continued. 
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(b) 4 - f O o t  

Figure 6.- Continued. 
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(b) 'Concluded. 

Figure 6.- Continued. 
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a ,  d a g  

(a) 8-foot TFT. 

Figure 7.- Aerodynamic charac te r i s t ics  of L i t t l e  Joe e x i t  configuration. 
Moment reference center a t  s t a t ion  399.6. 
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Figure 7.- Continued. 
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(b) 4-foot  UPW". 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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a ,  dag  

(a) 8-foot TPT. 

Figure 8.- Aerodynamic charac te r i s t ics  of Redstone-Mercury configura- 
t ion.  Moment reference center a t  s t a t ion  357.4. 
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Figure 8.- Continued. 
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(a) Concluded. 

Figure 8.- Continued. 
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Figure 8.- Concluded. 
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(a) 4-foot WWT. 

Figure 9.- Aerodynamic characteristics of Jupiter-Mercury configuration. 
Moment reference center at station 223.7. 
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(a) Concluded. 

Figure 9.- Continued. 
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Figure 10.- Summary of longitudinal character is t ics ;  a = Oo. Moments 
taken about reference centers of figure 2. 
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Figure 11.- Summary of effective static margins; a 0'. 
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